The aim of this study is to evaluate serum beta 2-microglobulin and neopterin levels in children with febrile illness and to clarify their relation to influenza and febrile seizures (FS). We studied 34 patients with febrile illness whose age was between 1 and 6 years. Influenza A antigen in the throat swab was positive in 17 patients (Flu group) and was negative in 17 (control group). Serum levels of beta 2-microglobulin and neopterin were evaluated on admission. FS were observed in 13 patients (6 in Flu group and 7 in control group). Serum beta 2-microglobulin and neopterin levels were higher in Flu group than in control group. On the other hand, there were no significant differences in serum beta 2-microglobulin or neopterin levels between those with and without FS. Higher serum beta 2-microglobulin and neopterin levels in Flu group suggested that stronger activation of immune system was caused by influenza than by infection with other agents. (J Pediatr Neurol 2003; 1(1): 35-38).
Introduction
It is well known that influenza sometimes causes central nervous system complications. Febrile seizures (FS) are one of common complications of children with influenza. Influenza-related encephalopathy has been an important problem in Japanese children (1, 2) . Immune system activation in patients with influenza has been vigorously investigated, especially in those complicated by encephalopathy. Some investigators revealed that high plasma concentration of IL-6 could be related to the development of influenza-related encephalopathy (3, 4) . On the other hand, the relation between FS and immune activation has not fully understood. One possible hypothesis is that the occurrence of FS may be associated with stronger immune activation. The measurement of various cytokines is desirable in order to solve this problem. However, the measurement of cytokines is not easily available in the usual clinical settings.
Beta 2-microglobulin (BMG) and neopterin are secondary products induced by some cytokines. The measurement of these substances is easily available in our institutes. Some authors described that serum levels of BMG and neopterin could be a marker of immune activation in patients with several viral infections such as human immuno-deficiency virus (5), cytomegalovirus (6,7), or hepatitis C (8). We considered that serum levels of BMG and neopterin could be used as a marker of systemic immune activation also in patients with influenza.
The aim of this study was to determine whether systemic immune activation represented by serum BMG and neopterine levels was stronger in influenza than in other infections, and to determine whether more intense immune activation was observed in patients with FS than in those without FS.
Materials and Methods
Consecutive 45 patients with influenza-like illness were admitted to the Department of Pediatrics, Konan Showa Hospital during January through March 2001. Blood samples were obtained in order to measure serum BMG and neopterin levels on admission. Serum BMG level was measured by means of latex agglutination immunoassay and neopterin level by means of high performance liquid chromatography. Informed consent was obtained from the mothers of all patients.
Influenza A antigen in the nasal discharge was investigated on admission by rapid detection kit based on enzyme linked immunosorbent assay (Directigen Flu A). Influenza A antigen was positive in 17 patients. These patients were categorized into Flu group. Seventeen patients whose age was matched with those in the FS group were selected from the remaining 28 patients and categorized into control group. A 4-fold or more rise in hemagglutinin inhibition (HI) titer against influenza virus A (H3N2) was seen in 13 children in Flu group. A paired HI titer was not measured in the other 4 patients. In contrast, a significant rise in HI titer against influenza virus A (H3N2) was not observed in any patients in control group. A significant rise in HI titer against influenza virus A (H1N1) or influenza virus B was not seen in any patients in both groups.
FS was observed in 13 patients immediately before admission. FS was defined as a seizure associated with body temperature > or = 38.5°C in the absence of a central nervous system infection, metabolic disturbance or acute electrolyte imbalance. No patient had seizures after admission. Other serious complications such as pneumonia or encephalopathy were not seen in any patients in both groups.
Statistical analysis between two groups was performed by means of unpaired t-test for quantitative variables and Fisher's exact test for qualitative variables. Quantitative variables were shown as the mean ± standard errors of the mean. Statistical significance was accepted at the level of P < 0.05.
Results
The age of the patients ranged from 1 to 6 years (average 2.4 years). The average interval between the onset of fever >38°C and admission was 1.2 days (range 0-4 days). Psychomotor development and neurological findings were normal in all patients. FS was observed in 6 children in Flu group and in 7 in control group. There was no significant difference in the age, the interval between the onset of fever and admission, and the body temparature on admission between Flu and control groups. Serum BMG levels were significantly higher in Flu group (2.10 ± 0.12 mg/L) than in control group (1.75 ± 0.11 mg/L, p <0.05). Serum neopterin levels were also significantly higher in Flu group (23.8 ± 1.8 pmol/ mL) than in control group (14.1 ± 1.8 pmol/mL, p <0.01) ( Table 1) .
There was no significant difference in the age, the interval between the onset of fever and admission, and the body temparature on admission between patients with and without FS. Serum BMG levels were not significantly different between those with FS (1.79 ± 0.13 mg/L) and those without FS (2.01 ± 0.11 mg/L). Serum neopterin levels were not significantly different between those with FS (16.6 ± 2.5 pmol/mL) and those without FS (20.4 ± 1.9 pmol/mL) ( Table 2 ).
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Discussion
Immune activation is closely related to diverse forms of central nervous system disorders. Some cytokines are considered to play an important role in the development of encephalopathy related to influenza infection (3, 4) , although its pathogenesis has not been fully understood. Evaluation of immune activation will be necessary to clarify the relation between central nervous system disorders and influenza. However, it is not easy to understand the role of each cytokine, because there are many kinds of cytokines that may participate in the development of central nervous system disorders, and their interactions are very complicated. Cytokines induce the production of some second products such as BMG and neopterin. The production of BMG and neopterin is induced mainly by interferon-gamma released by activated T cells. Their levels reflect the activation of cellmediated immunity. Thus, the measurement of BMG and neopterin will be useful to evaluate activity of cell-mediated immunity in patients with central nervous system disorders associated with influenza or other infection diseases. Griffin et al. (9) reported that plasma levels of neopterin were higher in children with measles than in children with other infectious diseases. They also showed that measles children complicated by autoimmune encephalomyelitis had higher neopterin levels than those with uncomplicated disease (9) . Some authors demonstrated that serum levels of BMG and neopterin were elevated in patients with acute Epstein-Barr virus infection (10, 11) . The prognostic value of BMG and neopterin was vigorously investigated in children with HIV infection (12, 13) .
It will be important that serum BMG and neopterin levels were higher in patients with influenza, even without serious complications such as encephalopathy, than in those with infections other than influenza. This result is consistent with the study by Cooper et al. (14) which revealed that influenza A infection was associated with increases in serum BMG concentration, although only slight increase was seen in infectious mononucleosis and cytomegalovirus infection. These facts suggest that influenza my cause strong immune activation even in patients without serious complications. This may be related to the development of central nervous system involvement in patients with influenza. However, further studies are necessary to clarify the clinical usefulness of the measurement of serum BMG and neopterin levels in patients with influenza.
Serum BMG and neopterin levels were not significantly different between patients with and without FS in this study, although Kawakami et al. (15) revealed increased cerebrospinal fluid neopterin levels in patients with FS. They reported that cerebrospinal fluid levels of neopterin weresignificantly higher in patients with FS than in those with pyrexia without convulsions or convulsions without pyrexia. The cerebrospinal fluid neopterin /serum neopterin ratio was also higher in patients with FS than in those with pyrexia without convulsions or convulsions without pyrexia. There may be some explanation for this discrepancy. Firstly, we did not measure cerebrospinal fluid levels of BMG and neopterin. There is a possibility that cerebrospinal fluid levels of these substances may not be parallel to serum levels. Millner et al. (16) reported that cerebrospinal fluid levels of neopterin were specifically elevated in central nervous system infections, while serum levels of neopterin were lower in central nervous system infection than in peripheral infections. Werner-Felmayer et al. (17) showed that human microglia cells were able to produce measurable amount of neopterin. Secondly, the occurrence of FS was more closely related to some other factors such as genetic predisposition. It is well-known that FS occur with increased frequency among family members of patients with FS. Family history of FS in a first degree relative is a factor that predict a first FS and recurrence after a first FS (18) . Several gene mutations related to FS have been established in recent years (19) (20) (21) . These facts indicate that genetic factors will play an etiological role in the occurrence of FS. The susceptibility of FS can vary among individuals, even if the degree of activation of immune system were similar among them.
In conclusion, our study indicated that serum BMG and neopterin were higher in patients with influenza than in those without influenza. However, they were not different between those with and without FS. More detailed studies are necessary in order to understand the clinical significance of serum BMG and neopterin in patients with febrile illness.
